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Abstract 
Purpose: The aim of this study was to test whether or not implants associated 
with bone regeneration show the same survival and success rates as implants placed in 
native bone in patients requiring both forms of therapy 
Material and Methods: 34 patients (median age of 60.3 years, range 18 to 77.7 
years) had been treated 5 years prior to the follow-up examination. Machined screw-
type implants were inserted following one of two surgical procedures: 1.  
simultaneously with a GBR procedure, which involved grafting with xenogenic bone 
substitute material, autogenous bone or a mixture of the two and defect covering with a 
bio-absorbable collagen membrane (test); 2. standard implantation procedure without 
bone regeneration (control). For data recording one test and one control implant from 
each patient were assessed. Examination included measurements of plaque control 
record (PCR), probing pocket depth (PPD), bleeding on probing (BOP), width of 
keratinized mucosa (KM), frequency of situations with supra-mucosal location of the 
crown margin, implant survival assessement and radiographic examination. 
Radiographs were digitized to assess the marginal bone level (MBL). Differences 
between groups were tested using the one sample t test. The estimation of survival rate 
was based on Kaplan-Meier analysis. 
Results: The follow-up period of the 34 GBR and 34 control implants ranged 
from 49 to 70 months (median time 57.0 months). Cumulative survival rates reached 
100% for the GBR group and 94.1% for the control group without statistical 
significance. No statistically significant differences for clinical and radiographic 
parameters were found between the 2 groups regarding PCR, BOP, PPD, KM and 
MBL.  
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Conclusion: The present study showed that implants placed with concomitant 
bone regeneration performed clinically not different than implants placed into native 
bone with respect to implant survival, marginal bone height and peri-implant soft tissue 
parameters.  
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Introduction 
The requirement for successful osseointegration of dental implants is a 
sufficient quantity and quality of osseous tissue to ensure the stabilization of the 
implant and to allow for bone-to-implant contact of the entire surface intended for 
osseointegration (Albrektsson et al. 1981; Adell 1985). In cases of insufficient quantity 
of bone tissue at the site of implantation decreased implant success rates have been 
reported (Lekholm et al. 1986). 
Based on these clinical findings different techniques have been developed to 
increase the bone volume. These techniques encompass: 
Osteoinduction (Urist 1965; Reddi et al. 1987), distraction osteogenesis (Ilizarov 
1989a, 1989b), osteoconduction (Burchardt 1983; Reddi et al. 1987), and guided bone 
regeneration (GBR) (Dahlin et al. 1988, 1989, 1991a; Kostopoulos & Karring 1994; 
Nyman & Lang 1994; Hämmerle et al. 1996). 
The GBR technique is highly successful for the treatment of peri-implant bone 
defects (Becker et al. 1991; Dahlin et al. 1995; Brägger et al. 1997; Hämmerle et al. 
1997, 1998; Simion et al. 2001) and for bone regeneration prior to implant placement 
in localized ridge defects (Lang et al. 1994; Buser et al. 1990; Nyman et al. 1990; 
Hämmerle et al. 2007). Thus the application of GBR provides the clinicians with the 
ability to place implants in areas of insufficient amounts of bone.  
An important question is whether or not implants placed in sites associated with 
bone regeneration provide survival and success rates similar to the ones of implants 
placed in sites with sufficient native bone. Two recent systematic reviews studied the 
survival of implants in bone sites regenerated with GBR in partially edentulous patients 
(Hämmerle et al. 2002; Fiorellini et al. 2003). In one review 11 studies providing at 
least 12 months results following prosthetic reconstruction could be identified 
(Hämmerle et al. 2002). Only 2 of them had both test and control implants included in 
their analysis (Mayfield et al. 1998; Zitzmann et al. 2001). The methodological quality 
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of the other reported studies was generally not very high. Although, based on these 
scarce data it was concluded that survival and success rates were not significantly 
different between implants in regenerated and non-regenerated bone. A more recent 
systematic review (Fiorellini et al. 2003) included 13 studies identified another one 
with a test and control group (Corrente et al. 2000). The results reported in this 
systematic review confirmed the ones from the first one. 
The highest evidence can be gathered from clinical studies including implants in 
regenerated and non-regenerated bone in patients requiring both forms of therapy. 
The aim of the present study was to test whether or not implants associated with 
bone regeneration show the same survival and success rates as implants placed in 
native bone in patients requiring both forms of therapy. 
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Material and Methods 
This cross-sectional retrospective study included all patients of the Departement 
of Fixed and Removable Prosthodontics and Dental Material Science, University of 
Zurich, Switzerland, who had received implants both in sites with regenerated and with 
non-regenerated bone 5 years prior to the follow-up examination. The 41 patients 
included in this study were invited by sending them a single letter to attend the 
examination. Four letters were returned because the patients had moved away and 3 
patients declined to attend, rendering a recall rate of 83%. 
A total of 34 patients participated in this study presenting with a median age of 
60.3 years (range 18-77.7 years). 19 patients were women and 15 were men. 
Clinical procedures 
Depending on the quantity of the bone tissue at the implantation site implants 
were inserted following one of the two specified surgical procedures: 
- simultaneously with GBR for the treatment of osseous defects including 
dehiscences, fenestrations and infrabony defects. The GBR procedure involved grafting 
with a xenogenic bone substitute mineral (Bio-Oss® spongiosa granules, Geistlich AG, 
Wolhusen, Switzerland), autogenous bone primarily harvested from the site of surgery 
or a mixture of the two. The site was covered with a bio-resorbable collagen membrane 
(Bio-Gide®, Geistlich AG, Wolhusen, Switzerland). 
- standard implantation procedure executed in situations with bone volumes 
sufficient for complete coverage of the endosseous implant surface. 
All implants exhibited a machined endosseous surface (Brånemark System, 
Nobel Biocare, Gothenburg, Sweden). 
The implant placement was never performed as a type I procedure but rather as 
type II and III or type IV procedures (Hämmerle et al. 2004). 
 7 
The sites of implantation were primarily closed for a submerged healing. The 
postoperative protocol included rinsing with a 0.2% chlorhexidine solution twice daily, 
375mg of penicillin tid for 5 days, and a non-steroidal anti-inflammatory medication 
according to individual requirements.  
The implants were loaded after a minimum healing time of 6 months. There was 
one exception where healing was obtained with the implant in transmucosal position 
and prosthetic loading 3 weeks after implantation. 
A total of 34 patients were available for the follow up examination and could be 
inserted in the study. They received 68 implants. 35 implants were placed in the 
mandible and 33 in the maxilla. In the control group (standard implant placement) there 
were 18 mandibular and 16 maxillary implants, and in the GBR group 17 mandibular 
and 17 maxillary implants. 
47 implants presented with a regular platform (RP), 19 a wide platform (WP) 
and 2 a narrow platform (NP). The distribution was similar in both treatment groups. 
There were 23 RP, 10 WP and 1 NP implants in the control and 24 RP, 9 WP and 1 NP 
implants in the GBR group. 
Considering implant length the distribution between the groups was similar as 
well (Table 1). 
Follow-up examination 
Prior to clinical and radiographic examination, a thorough medical history was 
obtained from each patient. All patients were examined by one examiner. 
For data recording one test and one control implant from each patient were 
assessed. In situations where two or more implants in the test and/or control group were 
present in a particular patient, implants to be analyzed were chosen following these 
hierarchical criteria: 
1. test and control implants located in the same region (anterior, posterior) 
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2. test and control implants located in the same jaw 
3. in all other situations test and control implants were randomly chosen by 
casting a die 
The following clinical parameters were assessed: 
- plaque control record (PCR) (O’Leary 1972) 
- probing pocket depth to the nearest millimeter at six sites around the implant 
(PPD) (Ramfjord 1959) 
- bleeding on probing at six sites around the implant (BOP) (Ainamo & Bay 
1975) 
- width of the keratinized mucosa at the mid-buccal aspect of the implants (KM) 
- frequency of situations with supra-mucosal location of the crown margin at the 
mid buccal aspect, in addition  
- implant survival was recorded. 
Radiographic analysis 
For the evaluation of the marginal bone level intraoral radiographs were taken 
using the long-cone paralleling technique with the central beam aiming at the alveolar 
crest (Updegrave 1968). 
The images were digitized and the marginal bone level (MBL) (distance between 
the top of implant shoulder and the first visible bone-to-implant contact) was measured 
on the mesial and distal aspect of every implant using a 10 -15x magnification (Buser 
1991; Weber 1992). The measured distance between three implant threads was used as 
the basis for the calibration and determination of the exact magnification and distortion 
of the images (Rodoni et al. 2005) (Figure 1). 
All measurements were performed by two examiners. In cases of disagreement 
the values were discussed until an agreement was found. 
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Figure 1: Assessment of the distance from the shoulder to the first bone-to-implant 
contact on digitized radiographs (original magnification ×12.5) 
 
                                    
Statistical analysis 
A statistical software program Stat View 5.0.1 was used for all statistical 
analyses.  
The estimation of the implant survival rate was based on Kaplan-Meier analysis 
and group comparison was made using the log rank test. 
For the statistical analysis the six values around each implant for PCR, PPD, 
BOP and the two values of the radiographic assessment of the bone level mesially and 
distally were averaged to one value each. Only the cases with both implants in native 
and regenerated bone were used for the analysis. 
The data distribution was plotted with boxplots and characterized by mean 
values and standard deviations. In order to detect differences between the test and the 
control group one sample t test together with the corresponding 95% confidence 
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interval (CI) were applied to differences of mean PCR, mean PPD, mean BOP, mean 
MBL and KM values. Results of the tests with p-values < 5% were considered 
significant. 
The power of the one sample t test was computed setting relevant differences at 
20% for PCR, 20 % for BOP, 2 mm for PPD, 2 mm for KM and 1 mm for MBL.  
In order to control for multiple testing Benjamini and Hochberg False Discovery 
Rate was applied.  
Correlation analysis and subsequent unpaired t test were performed to investigate 
the influence of various parameters (age, smoking, parafunctional acivities, history of 
periodontal disease) on the main endpoints. 
 11 
Results 
The follow-up period after implant placement ranged from 49 to 70 months 
(median time 57.0 months). 
Patient history revealed that 8 individuals smoked more than 10 cigarettes a day. 
Two patients had a diagnosis of type 2 diabetes. Out of 3 patients with a history of 
malignant tumors, two reported chemo- and radiotherapy in the past 5 years, i.e. after 
placement of the implants analyzed in this study. 
6 patients reported parafunctional activities during the day or the night.  
The review of the patients’ periodontal charts before the implant placement 
showed that 12 patients (35%) had periodontal disease. They underwent periodontal 
therapy and the implants were only placed following successful treatment of the 
periodontal disease. 
The cumulative implant survival rate at the 5-year examination reached 100% 
for the GBR group. In the control group two implants were lost and the cumulative 
survival rate was 94.1%. The difference was not statistically significant. One control 
implant was lost 5 months after implant placement. This implant had been loaded only 
3 weeks after implantation and subsequently became mobile. In another patient one 
control implant was not osseointegrated as detected at the time of the abutment 
connection, 6 months after implantation. 
In all patients except the one mentioned above the healing time until loading 
was equal for the test and control implants and prosthesis incorporation was performed 
9 to 10 months after implantation. 
The majority of the implants were reconstructed with fixed prostheses: 13 with 
single-tooth and 43 with splinted reconstructions. The other 11 implants supported 
removable prostheses: 3 with ball attachments and 8 with bars. The proportions of 
different types of restorations were similar in both treatment groups (Table 2). 
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The results of the clinical measurements of plaque control record, bleeding on 
probing, probing pocket depth, width of the keratinized mucosa and the radiographic 
height of the marginal bone are presented in Tables 3, 4 and the differences between 
two groups in the Table 5. 
The two cases with lost implants were omitted from the statistical analysis of the 
following clinical and radiographic parameters.  
Overall plaque scores within the entire dentition amounted to 25.8% ± 12.8% 
(SD), ranging from 5% to 56% in the 32 patients. Full mouth plaque score was 
significantly higher in men (34% ± 13%) compared to women (20% ± 10%) (p ≤ 0.05). 
The mean plaque control record at the implant sites reached 26% ± 16% (SD) 
for control implants and 28% ± 21% for GBR-treated sites without a significant 
difference between the two groups (Table 3, 4, 5). 
Mean BOP values were similar for both groups (BOPcontrol 47% ± 26 % (SD), 
BOPGBR 51% ± 23%) (Table 3, 4, 5). 
In addition, no significant difference between the two groups was found 
regarding mean probing pocket depth (PPDcontrol 3.1mm ± 0.6mm (SD), PPDGBR 
3.2mm ± 0.6mm) (Table 3, 4, 5). 
The keratinized mucosa at the buccal aspect was present in the majority of 
sites: 94% for the control and 97% for the GBR group. When measuring the height of 
the keratinized mucosa at the buccal aspect of the implants, similar mean values were 
found in the groups (control group 2.3 ± 1.2 mm (SD), GBR group 2.8 ± 1.4 mm). No 
statistically significant differences were noted (Table 3, 4, 5). 
With respect to the location of the crown-abutment junctions, 16% of the 
implants in the control group and 12% in the GBR group exhibited a supra-mucosal 
margin at the mid buccal aspect.  
Radiographic evaluation indicated that all implants were successfully 
osseointegrated as seen by close bone to implant contact from the alveolar crest to the 
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apical end of the implant. The radiographically determined mean marginal bone level 
(MBL) amounted to 1.6 ± 0.9 mm (SD) for the control group and 1.3 ± 0.5 mm for the 
GBR group. The difference of 0.3 ± 0.6 mm between the control and the test group was 
not statistically significant (Table 3, 4, 5). 
The power of the one sample t test was computed for the present sample size. It 
showed more than 90% power for BOP and more than 95% for PCR, PPD, KM, and 
MBL. 
The patients’ age range was quite large, but it had no impact on the mean 
endpoints.  Neither did smoking habits, parafunctional activities, and history of 
periodontal disease have an influence on the clinical and radiographic results. 
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Discussion 
The results of the present study demonstrated implants placed into sites with 
bone regeneration to be as successful as implant placed into sites with native bone. No 
difference between the survival rates were found for the two groups.  
Although, the cumulative survival rate was lower for the implants placed into 
native bone (94.1%, 100% for the GBR group) this difference was not statistically 
significant. These results compare well with systematic reviews reporting survival rates 
of implants placed into sites with regenerated bone ranging from 79% to 100%, with 
the majority of studies indicating more than 90% after at least 1 year of function 
(Hämmerle et al. 2002; Fiorellini et al. 2003). 
The survival rates obtained in these systematic reviews were similar to those 
reported in the meta-analysis of prospective longitudinal studies for implant therapy 
with and without bone regeneration after at least 5 years (Berglundh et al. 2002). 
Implants were placed according to the manufacturer’s instructions thus placing 
the implant shoulder at the level of the bone crest. In situations with bone defects GBR 
was performed in order to cover the exposed surface and to regenerate the bone to the 
level of the implant shoulder similar to the situation of implants placed into native 
bone. In this retrospective study the bone level at follow up and not the change in 
crestal bone level were measured. Nevertheless, since the level of the marginal bone is 
supposed to be initially similar in both groups, measurements of absolute bone levels at 
the follow-up examination are expected to reflect changes over time. 
The level of the marginal bone was 1.3 to 1.6 mm below the shoulder of the 
implant at the 5-year follow-up examination. These results demonstrated that bone 
regenerated by GBR in peri-implant bone defects remains as stable over time as 
pristine peri-implant bone. 
These data compare well with results reported in previous studies including 
implants in pristine as well as regenerated bone (Zitzmann et al. 2001; Mayfield et al. 
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1998). Values of 1.73 for the control and 1.83 mm for the test group regarding 
marginal bone level were reported in one study 5 years after implant placement 
(Zitzmann et al. 2001). Although, this difference was small statistical analysis 
revealed it to be significant. Bone regeneration had been performed using bioresorbable 
collagen membranes supported by a deproteinized bovine bone mineral.  
In another controlled study of shorter duration a mean radiographic bone loss of 
0.6 mm for control and 0.7 mm for test implants was observed 23-27 months following 
incorporation of the fixed reconstructions (Mayfield et al. 1998). This difference was 
statistically non-significant. Local bone dehiscences and fenestrations defects had been 
treated using a bioresorbable PLA-PGA membrane without a supporting material. 
The level of the marginal bone was investigated in a 5-year study involving 12 
sites primary regenerated with ePTFE membranes and autogenic bone without a control 
group (Buser et al. 1996). A bone level change of 0.8 – 1.3 mm was reported between 
implant placement and 5 years, which is slightly less than in the present study. In this 
particular study, however a one-piece implant was used and not a two-piece as in the 
present study. In addition, the staged approach was chosen, where the bone is first 
regenerated and the implant is subsequently placed into a ridge exhibiting sufficient 
bone volume. 
The marginal bone level values for the control and GBR group in the present 
study are in accordance with the ones observed in long-term studies documenting the 
outcome of implants placed in native bone under standard conditions (Adell et al. 
1981; Pylant et al. 1992; Jemt & Lekholm 1993; Lekholm et al. 1994; Weber et al. 
2000). 
In summary, the marginal bone levels in the present controlled study were within 
the range of previously reported values. It should be noted, however, that those studies 
were frequently of shorter duration and only very few of them included a control group. 
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In the present study the analysis of the clinical parameters revealed no 
differences between two groups regarding prevalence of plaque, bleeding on probing, 
probing pocket depth, the height of the keratinized mucosa and frequency of supra-
mucosally located crown margins. 
 
Conclusion 
Based on the results of this 5-year cross-sectional controlled study it is 
concluded that implants placed in regenerated bone exhibit a clinical performance 
similar to implants placed into native bone with respect to implant survival, marginal 
bone height and peri-implant soft tissue parameters. The prevalence of plaque present 
in the dentition and in the study implants as well as the BOP values were quite high in 
this study. Nevertheless, the overall survival rate of the implants in the control and in 
the test group was high and the marginal bone levels within the range of previously 
published data. 
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PCR (%) BOP (%) PPD (mm) KM (mm) MBL (mm)
mean 26 47 3.1 2.3 1.6
standard deviation 16 26 0.6 1.2 0.86
median 33 50 3.0 2.0 1.62
range 0-67 0-100 2.2-4.7 0-5 0.07-3.64
Table 3: Results of the clinical and radiographic measurements for the 32 
control group implants
PCR = Plaque control record; BOP = Bleeding on probing; PPD = probing pocket depth; KM = width of keratinized 
mucosa; MBL = marginal bone level
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PCR (%) BOP (%) PPD (mm) KM (mm) MBL (mm)
mean 28 51 3.2 2.8 1.33
standard deviation 21 23 0.6 1.4 0.51
median 17 50 3.3 3.0 1.34
range 0-67 17-100 2.3-4.3 0-6 0-2.36
Table 4: Results of the clinical and radiographic measurements for the 32 GBR 
group implants
PCR = Plaque control record; BOP = Bleeding on probing; PPD = probing pocket depth; KM = width of keratinized 
mucosa; MBL = marginal bone level
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mean SD minimum maximum
95% 
lower
95% 
upper
statistical 
significance
PCRGBR - PCRcontrol (%) 2 21 -34 34 -5 10 0.57
BOPGBR - BOPcontrol (%) 4 31 -66 50 -7 15 0.57
PPDGBR - PPDcontrol (mm) 0.1 0.5 -1 1.3 -0.08 0.29 0.44
KMGBR - KMcontrol (mm) 0.5 1.6 -2 6 -0.04 1.1 0.17
MBLGBR - MBLcontrol (mm) -0.3 0.6 -1.3 1 -0.49 -0.05 0.08
Table 5: Differences of mean results between GBR and control group
CIrange   
PCR = Plaque control record; BOP = Bleeding on probing; PPD = probing pocket depth; KM = width of keratinized 
mucosa; MBL = marginal bone level; SD = standard deviation; CI = confidence interval
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